We define the following non-dimensionalvariables
where L is a characteristic scale in the z-direction, 6 is a characteristic core radius, W0 a characteristic axial flow velocity (e.g., free-stream velocity at the edge of the core), p_ the uniform static pressure far from the vortex, p the density, and u the kinematic viscosity. In terms of these quantities the governing equations become
where Re6 -Wo6/u is the Reynolds number based on the characteristic core radius. equations. If we take the formal limit e -_ 0, with Re_ held fixed, and without assuming that ere6 is either large or small, then (2.6) -(2.9) reduce to 
We anticipate that in situations where breakdown occurs the sum of the two integrals on the right hand side of (3.1) is negative since this will lead to retardation on the axis (Ow/Oz < 0).
Because these are integral terms they are less sensitive to the details of the velocity profiles, and as our greatest simplification we set the sum of these terms to a (negative) constant -A, say. Equation (3.1) then becomes
or, for simplicity d2w dw
where w in (3.3) is understood to be wiT=0, the axial velocity on the axis.
First, we note that for small or negligible viscosity, 
where the arbitrary constants for the general solution of the second-order differential equation are a and k.
As boundary or initial conditions for (3.13) we have
The first of these has already been discussed. 
Solving for k, We begin with the outer expansion, which follows immediately from the first integral of which is exactly the earlier (3.5).
To determine the scale of the inner variables, -2 and N, we set
where we anticipate both a,/3 < 0. The differential equation
The two terms on the left hand side will be of the same order in u if
If we choose a and/3 such that the single term on the right hand side vanishes in the limit as u --+ 0, then the resulting inner solution cannot be matched with the outer solution.
Therefore we must choose -2a+/3=0, orfl=2a. For reasonsdiscussedearlier A > 0, and we can assume that D, a scale factor for _, is also positive. It then follows that in the limit v --_ 0, with z held fixed, that
It then follows that
If the second of these alternatives is the case, Ai(_) and Bi(k) oscillate and the inner solution It then follows that in this (outer) limit that (3.28a) behaves asymptotically as
so, according to (3.25) and (3.28b),
The variable part of the inner and outer solutions, (3.29) and (3.34) agree exactly.
3.3. Exact solution in the limit of vanishingly small viscosity
We consider the limit of the exact solution given in Section 3.1 as u --* 0. In this limit, from (3.15) and (3.16),
From (3.18), using the asymptotic expressions(3.32),
We assume that W_ > 2Az, so S _ +_ as u _ O. It then follows from (3.13), using (3.35c), (3.32) and (3.36a), that
which is identical with the outer solution, (3.21), presented in Section 3.2 as part of the asymptotic solution for Ree _ 0% and with the limiting small viscosity solution given earlier (Eq. 3.5).
Non-dimensionalization
We begin our non-dimensionalization of (3.3) by first considering the quantity on the right hand side, A, which stands for the (negative of the) two integral terms on the right hand side of (3.1). We consider each of these in turn.
The order of magnitude of the first of these can be estimated as follows: The magnitude of the second integral on the right hand side of (3. l) is similarly estimated: Figure  3 shows the axial velocity for the same Re6 range and the same s and 7 as in Fig. 2 
Conclusions
The principal aims of this paper were to show the origin of the i_li!i ! ',.
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